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d

Period T = 15.7 ÷ 10 = 1.57 s

Bar reaches vertical after a quarter of an oscillation:

t = T ÷ 4 = 1.57 ÷ 4 = 0.393 s

0.393
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Uncertainty in 10 oscillations = ± 0.1 s (precision of 15.7 s)

% uncertainty = 0.1 ÷ 15.7 × 100 = 0.64%

t is 1/4 of T, so it has the same % uncertainty = 0.64%

0.64

0.701 m is anomalous, so it is left out of the mean

d = (0.752 + 0.758 + 0.746 + 0.772 + 0.769) ÷ 5

d = 3.797 ÷ 5 = 0.759 m

0.759

Range = 0.772 − 0.746 = 0.026 m

Absolute uncertainty = half the range = 0.026 ÷ 2 = 0.013 m

0.013

d = ½gt², so g = 2d ÷ t² = 2 × 0.759 ÷ 0.393² = 9.83 m s-2

% uncertainty in d = 0.013 ÷ 0.759 × 100 = 1.7%

Total % uncertainty = 1.7 + 2 × 0.64 = 3.0%

Absolute uncertainty = 0.030 × 9.83 = 0.30 m s-2

9.8

0.3
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Time more oscillations, e.g. 50 instead of 10. The ± 0.1 s uncertainty is

then a smaller fraction of the total time measured, so this reduces the

percentage uncertainty in the timing (in T and t).

The sphere falls from rest, so s = ½gt² (s ∝ t²).

Plot a graph of s (y-axis) against t² (x-axis), which should be a

straight line through the origin.

Calculate the gradient of the line using a large triangle. The gradient is

g/2, so g = 2 × gradient.
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So that negligible current flows through the voltmeter: the capacitor must

not lose charge through the meter, so all the charge flows onto the

capacitor.
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The position of the needle on the scale can be marked, so it is easier to

see quickly when the current changes and to keep it constant.

Minimum current (variable resistor at 100 kΩ):
I = V ÷ R = 6.0 ÷ 100 000 = 60.0 µA
So use 100 µA (or 200 µA) full scale, for a large deflection

100 µA

Uncertainty = 2% of 2.39 V = 0.02 × 2.39

= 0.048 V ≈ 0.05 V

0.05

stemup.co.uk

https://stemup.co.uk


Yes: 680 µF ± 5% is 646 µF to 714 µF, and 660 µF lies in this

range (it is 97.5% of 680 µF).

Total charge Q = CV = 680 × 10-6 × 6.0 = 4.08 × 10-3 C

Current is at least 60.0 µA, so time to charge fully:

t = Q ÷ I = 4.08 × 10-3 ÷ 60.0 × 10-6 = 68 s
Readings at 10, 20, 30, 40, 50, 60 s, so 6 readings

6

Q = It and Q = CV, so I = C × ΔV/Δt

C = I ÷ (ΔV/Δt) = 65 × 10-6 ÷ 0.098 = 6.63 × 10-4 F

660
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Charge the capacitor C by connecting the switch to the battery. Then

move the switch to R and start the stop clock at the same instant, so

C discharges through the fixed resistor R.

Record the pd V across C every 5 s (or 10 s) until V is small (or use a

data logger to record V).

Plot a graph of ln V against time t. Since V = V0e−t/RC, ln V = ln V0 −

t/RC, so the graph is a straight line with gradient −1/RC.

So the time constant RC = −1 ÷ gradient (then C = time constant ÷

R).

VC R

two-way switch

6.0 V
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Not correct. The changes in n halve every 100 nm (0.0020, 0.0010,

0.0005), but n itself does not halve every interval:

200 nm

Δn = 0.0028

the graph has a false origin for n, so this is not half-life behaviour.
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Tangent drawn to the curve at 400 nm (on Figure 4):

points (300 nm, 1.6054) and (500 nm, 1.6026)

D = Δn/Δλ = (1.6026 − 1.6054) ÷ (500 − 300) × 10-9

D = −0.0028 ÷ 2.00 × 10-7 = −1.4 × 104 m-1

−1.4 × 104 m-1
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1/λ² / 1012 m-2

11.1

8.16

6.25

4.94

4.00

3.31

2.78

e.g. for 300 nm: 1/λ² = 1 ÷ (300 × 10-9)² = 1.11 × 1013 m-2 = 11.1 × 1012 m-2

Gradient of n against 1/λ² is b and the y-intercept is a.

stemup.co.uk

https://stemup.co.uk


0 2 4 6 8 10 12 14

1/λ² / 1012 m-2

intercept a = 1.6014
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a is the refractive index of the glass at infinite (very long)

wavelength, since 1/λ² → 0.

Take logs of both sides: log n = log c + d log λ.

Plot a graph of log n (y-axis) against log λ (x-axis), which should be

a straight line.

d is the gradient of this graph (and log c is the y-intercept).

a = y-intercept = 1.6014
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